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gft A method of inducing cariosteiit compria.ng admln- 
ieterina orally a carlostattc amount of erythritol. Tha method 
is preferred wherein said erythritol is admin istered In the 
form of sugarless chewing sum or toothpaste. Erythritol for 
uea in the prevention or reduction of dental carina and sugar- 
leas caxiostatic compositions comprising at least 5% erythritol 
are claimed. Preferred compositions are in the form of tooth- 
pasta or chewing gum. 
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Ervthritol retaining -Caries Compositions 



Polyhydric alcohols, or polyols, are valuable aids 
in formulation a wide variety of food products as des- 
cribed in Handbook of F»»d Additives, Chapter 11, pub- 
lished by the Chemical Rubber Company, Clevelanc, Ohio. 
They may be used to impart special effects to the texture 
or taste of a food product. Since they are generally 
hygroscopic, they may be used to hold moisture. 

Many polyhydric alcohols are present in natural 
foods, either in the free state or chemically combined. 
Glycerol is by far the most plentiful polyol found in 
natural foods. However, it is almost exclusively present 
in chemical combination as fats (tri-esters of long chain 
fatty acids) in meats and some vegetables. Sorbitol is 
found uncombined in many fruits such as apples, pears 
and berries, and also in some other plants. Mannitol 
occurs at levels as high as 90% in the manna of some 
types of trees as well as in a variety of vegetables ana 
fruits. Erythritol, mannitol, arabitol and glycerol are 
known to be produced by the propagation of a variety of 
yeasts in aqueous nutrient media. 

Polvhydric alcohols are used in the manufacture of 
foods, either to promote the retention of the original 
quality of the food on aging and shipping to the con 
sumer, or to gain a texture or product quality that was 
not present in the original formula. These qualities 
are achieved through physical or chemical effects in 
which the polyols behave as: 
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1. crystallization modifiers 

2. hygroscopic agents 

3. softening agents 

4. sweetness controllers 

5. solvent agents 

6. viscosity agents 

7. rehydration aids 

8. dietary agents 

Sorbitol, mannitol, glycerol and propylene glyr- : , 
a synthetic polyhydric alcohol, are presently used 
food additives. Propylene glycol nust be used with c^t 
because of its adverse taste. 

Erythritol is about 60% as sweet as sucrose at 
practical use levels and is sweeter than mannitol ar 
sorbitol which are only 50% as sweet as sucrose unce ■■ 
similar conditions. It has an advantage over propylene 
glycol and glycerol in having a clean and pleasant •-•vi- 
and it is very soluble in water (a saturated s^uticr. 
contains about 38% w/w) . Unlike other pclyois, ery-.-.- 
ritol is not significantly metabolized after oral ir.::e 
tion in humans, and so is of unique interest as e r.cn- 
nutritive sweetening agent. Commercially available 
erythritol is prepared as a white crystalline produ.r- 
treating an aqueous alkali carbonate solution of 2-.- 
1,4-diol with chlorine and saponifying the resulting 
chloro-hydrin. The natural product can be produced or. 
a commercial scale by propagating specially selectee 
yeast strains in appropriate aqueous nutrient media, 
is of special interest tc note that erythritel can ba 
produced much more cheaply than certain other polyols 
such as xylitol. 

The use of certain polyols to retard the formatic 
of dental caries has been known for some years. For 
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example, Muhlemann, Regolati and Karthaler in the 
Helv, Odont. JUrta . , April 1970, p. 48-51, demonstrated 
that xylitol was more effective than sorbitol in pre- 
venting dental caries in rats but that both compounds 
caused diarrhea and an increased drinking water intake. 
Nakinen in the J. Dent. Res. , V. 51, 1972, p. 403-408 
showed that the formation of enzymes responsible for 
dental caries formation were retarded by xylitol, .orotic L 
and mannitol. In the Internet. J. Vit. ■ Nutr . Res. , 4 3 ; 
1973, p. 227-232, Grunberg , Beskaid and Erin showed 
that xylitol is appreciably more effective in reducing 
the incidence of dental caries than is either mannitol 
or sorbitol. In a series of papers entitled "Turku 
Sugar Studies", Scheinin. Makinen and Ylitalo, Acta^ 
Odontologies Scandinavica . V. 22, 1974 , p. 383-412 , 
thoroughly review the subject of the use of polyols in 
diet to reduce dental caries in man. They conclude that 
xylitol shows a dramatic reduction in the incidence of 

dental caries. 

There is also a large amount of patent literature 
involving the use of polyols in food products, and health 
related products. For example, U.S. 3,278,314 describes 
a sweetened peanut food with long shelf life containing 
polyhydric alcohols. U.S. 3,352,689 claims a sugarless gun 
with polyols such as sorbitol and mannitol. as the additive 
which improves taste and texture over comparable sugar- 
less gums. U.S. 3,899,593 claims a xylitol chewing gum 
in which at least 50% by weight of the composition is 
xylitol. U.S. 3,914,434 describes non-cariogenic foods 
and delicacies containing xylitol as a sugar substitute. 
U.S. 3,970,747 describes the use of xylitol as a 
humectant sweetener, particularly useful in toothpaste. 
Finally, U.S. 4,000,320 describes chewing gum with im 
proved storage qualities in which xylitol is contained 
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in amounts of less than 50% by weight. 

The present invention, for the first time, describe, 
the use of erythritol in various compositions to reduce 
dental caries • A method of inducing cariostasis com- 
prising administering orally to a subject susceptible 
to dental caries a cariostatic amount of erythritol is 
claimed. Preferred method of administration is in a 
form selected from the group consisting of chewing gun, 
toothpaste, candy, ice cream, carbonated beverage, and 
mouthwash all members of the group being sugarless, and 
particularly preferred are sugarless chewing gum and 
toothpaste . A sugarless cariostatic composition com- 
prising at least 5% erythritol is also claimed. The 
composition is particularly preferred in the form of a 
chewing gum or a toothpaste. 

The novel cariostatic compositions of this inven- 
tion will comprise at least about 5% erythritol. The 
compositions may contain considerably more erythritol 
than this, indeed they may contain as much as 99.9% 
erythritol • 

It is well known that sugar containing substances 
applied to the teeth between meals are mere cariogenic 
than those used with meals. Therefore preferred em- 
bodiments of this invention are those which are used 
between meals such as snack foods, chewing gum and 
toothpaste. Candies such as fondant, fudge and hard 
sugarless candies are included. Dietetic ice cream, 
low calorie carbonated beverages and mouthwash fall 
within the scope of the contemplated compositions. 

It will be apparent that in the prevention of 
dental caries it is desirable to replace sugars such as 
sucrose and glucose with non-cariogenic materials and in 
the compositions of this invention erythritol is the 
material of choice. It will further be apparent that 
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the most important sugar to be replaced is that con- 
sumed between meals in the form of such materials as 
snack foods. Erythritol neither promotes the growth of 
cariogenic bacteria in the mouth nor is it degraded 
in the mouth by such bacteria into caries-causing acids- 
Thus erythritol may play a more or less passive role by 
replacing sugar in certain compositions, but it is alsc 
proper to speak of it as the "active ingredient* or 
"active agent" in such compositions • There will be 
further elucidation of these points later in the speci- 
fication ♦ 

The best program for preventing caries consists of 
proper brushing, avoidance of cariogenic foods especially 
between meals, proper diet and regular dental care. The 
present invention is intended to be a part of such a 
dental care program by substituting a non-cariogentic 
-•lbstance, erythritol, for cariogenic sugar while main- 
taining the good taste and esthetic appeal of sweetness 
in the diet. 

It will be apparent that the reduction in dental 
caries achieved will be proportional to the amount of 
sugar which is replaced in the diet by erythritol and 
the manner and frequency of erythritol application. 
Thus, if erythritol-containing toothpaste and mouthwash 
are used exclusively, a significant reduction in caries 
will be noticed. If, on the other hand, erythritol- 
containing gum and sweetened snack foods such as candies 
are consumed in addition to the use of erythr itol-con- 
taining toothpaste and mouthwash, a further reduction 
in the number of caries will be noted. 

The susceptibility of humans to caries varies 
greatly but in general the substitution of as little as 
5 grams of erythritol for sugar, especially between 
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meals, will reduce the incidence of caries. 

A considerable body of experimental work has been 
done to establish the cariostatic nature of erythritol- 
containing compounds and also to compare erythritol to 
5 other polyols which are known to prevent caries, such as 
xylitol, and to known caries producers such as sugars. 
This study compared cariogenicity of erythritol with 
some known substances on the basis of several in vitrc 
tests. The information developed by the study is sum- 

10 marized in Table I at the end of this discussion. 

All compounds used in the test were in 0.7% concen- 
tration. The same concentrations were used to determine 
acid production in a salivary system. Streptococcus 
mutans strain GS-5, a human cariogenic strain, was used 

15 in all cases except the salivary test system in which 
the endogenous flora was used. 

Klett tubes containing a tryticase-soy-yeast- 
cysteine nutrient and fitted with septus caps we:, 
flushed with nitrogen gas and preincubated 30 minutes 

20 at 37°C using standard sterile technicuies, then in- 
noculated with a 2% innoculum of a suspension of 
mutans GS-5 cells in phosphate buf f er These were ther. 
incubated at 37°C. Optical density was measured by 
Klett readings (red filter) at half hour intervals. 

25 Lactic acid production was measured using the 

Sigma Kit for determination of lactic acid. This pro- 
cedure measures the amount of lactic acid by the 
f ol lowing reaction : 

Lactic Acid + NAD LPH puvic acid + NADK 

30 low A 34Q high A 34Q 

NAD is originally present in excess and the increase 
absorbance of 340 mm due to NADH formation becomes a 
measure of lactic acid originally present. 
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For the salivary test system, saliva was pooled 
from volunteers who had fasted three hours and the pH 
of the pooled saliva was noted. 4.95 ml of pool saliva 
was aseptically transferred to a series of sterile test 
tubes. 7% solutions of each compound were prepared 
and sterilized. 0.05 ml of each was aseptically added 
to the test tube of saliva to give a final concentration 
of 0.7%. The test tubes were incubated anaerobical ly 
at 37 °C for four hours. The pH of each was then 
measured . 

The first three columns in the table refer to 
effects of the compounds on the growth characteristics 
of a cariogenic strain of the bacteria Streptococcus 
in u tans ■ Reduction of total growth {lowered final Klett) , 
reduction of growth rate (increase in doubling time) and 
reduction of acid produced (increase in final pK) are 
the effects desired. By these three measures, xylitol 
showed the best results, with erythritol closely 
following. 

The next six columns refer tc certain effects on 
the metabolism of the bacteria. mCo.1 unr.-s .4-3 represent 
measures of the activity of an enzyme {or group of 
enzymes) called dextran sucrase (DSU) which is one of 
the principle sources of the cariogenicity of this 
organism. DSU converts dietary sugar into polymers 
which are a major ingredient of cariogenic dental plaque. 
Such plaque is an accumulation of these polymers, 
playing an essential role in caries formation and peri- 
odontal disease. Therefore, a reduction in claque for- 
mation by means of a reduction in DSU activity is a 
desired effect. In particular, a reduction in "mean 
specific DSU activity" - that is, amount of activity 
per bacterial cell - is desired since that would imply 
a real effect on the organisms' metabolism instead of 
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merely a reduction in the number of cells- For these 
measures, xylitol and erythritol appear superior to the 
other substances tested. Erythritol, however, is the 
best in the critical neasure n DSU mean specific activity 
(column 8). In column 9, lactic acid production is 
measured* Lactic acid, produced by cariogenic bacteria 
in response to ingestion of a meal , can increase acidity 
enough to dissolve tooth mineral and initiate caries. 
Therefore, reduction in lactic acid production is desir- 
able. Erythritol was clearly superior in this measure 
being the only substance which reduced lactic acid 
relative to the "no compound 1 ' control. Finally, in 
the last column* (10) are measures of the effect on the 
pK of natural saliva. In this case, the natural mixed 
population of bacteria is used instead of a pure cultur 
of one strain as in the previous columns. A positive 
number (pK increase, corresponding to reduced acidity) 
is the desired result. Again, erythritol is t^e best 
substance in the test by this measure. 

In summary, erythritol and xylitol were superior 
to the other test substances in measures of total bac- 
terial growth, growth rate, total acidity, plague- 
producing enzyme activity and lactic acid production 
for a pure strain of cariogenic Streptococcus mutans, 
and in salivary pH change for a naturally occurring 
mixed bacterial population in human saliva. Although 
xylitol appeared slightly better than erythritol xu 
in vitro measures of simple bacterial growth, erythrito 
appeared superior to xylitol in the more critical 
measures of bacterial production of cariogenic sub- 
stances and in mixed bacterial populations in human 
saliva more closely approximating a real life situ- 
ation. 

The examples to follow are merely illustrative 
and in no way are intended to limit the scope of the 
appended claims . 
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Toothpaste : 

A toothpaste formulation was prepared employing eryth- 
ritol and glycerol in the following proportions: 

5 Ingredients : % by Weight 

Calcium Carbonate 27.18 
Calcium Phosphate Dibasic 9.03 
Sodium Fluoride 0,08 
Erythritol 38% aqueous solution 56.00 

10 Glycerol 5 ■ 00 

Gum Tragacanth 1*00 
Sodium Benzoate 0.01 
Sodium Lauryi Sulfate 1.00 
Spearmint Flavor 0.60 

1^ Sodium Saccharin 0 - 10 

Total 100.00 

Preparation : 

Dissolve sodium benzoate in erythritol solution. Add 
guzn tragacanth and dissolve. Subsequently add glycerol 

2C: and flavor and stir well. A thick solution should be 

attained. Meanwhile, mill (20^), sift and premix 
calcium carbonate, calcium phosphate, sodium fluoride 
- and sodium lauryi sulfate. Add at intervals with good 
stirring to aforementioned solution. After addition is 

25 completed continue mixing for an additional 10-15 

minutes. If so desired, pass paste through a colloid 
mill to assure a properly homogeneous white paste 
mixture. The resultant product exhibited the texture 
of a conventional toothpaste. Moreover, it showed re- 

3 0 si stance to dryness when exposed to ambient room temp- 

erature (25°C) for a few days. 
Use : 

The toothpaste above is used for brushing by the con- 
ventional dentist-approved method, generally twice a 
3 t: day, and a significant reduction in the occurence of 

caries is noted over subjects using sugar-containing 
toothpaste. 
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Example II 

Fondant : 

% 

I ngredien ts: — 

— ~ : 0.1 

Saccharin 

Erythritol 3C% solution 99 • 9 

Preparation ; 

1. Mix all ingredients 

2. Boil to 1I8°C 

3 your on to a water jacketed fondant mill 
A. Allow to cool quiescently to 38°C, then ayitate 
5. Agitate to a proper fondant consistency (15-18 
minutes) 

Example III 

Bar Fudge : 

Jncredien-cs * — 

4— 7 : 0 . 0 0 

Saccharin 

Whole. Milk 16 ' 60 

- -. v 3-57 
Haxa cat 

Erythritol 38% solution 47.02 
Salt 

Fondant Exaxr.pl e II 23 ' 00 

Water 3 ' 49 

-Flavor qs to : ^ 1 9° 
preparation: 

1. cook erythritol solution and milk in a 
steam- jacketed kettle to 118*0 

2. Cool to 94°C. Add fondant, fat and flavor, and 

mix well 

3. Cast into foil pans 

Example IV 

Cast Mar shmal lows : 

Ingredients : — 

Saccharin 0-60 

Gelatin 225 Bloom 4.30 

Fondant Example II 10.93 

Ervthritol 33% aqueous solution 67.96 
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Water 15.94 00 09325 

Color and Flavorings qs to 100-00 

Preparation : 

1. Dissolve saccharin in erythritol solution by 
5 heating to 82 °C 

2. Agitate at low speed on a rotary mixer 

3. Cool to 68 P C and incorporate fondant 

4. Slowly add gelatin in water while agitating 
solution at high speed 

10 5. Whip batch to a density of four pounds per gallon 

6. Add flavor and color 

7. Cast into starch at 46 to 49 °C 

Example V 

Sugarless Kara Candy : 

15 Ingredients : Parts 

Erythritol 38% aqueous solution 300,00 
Flavor 0*10 
Color 10% aqueous solution 0*10 
Preparation : 

20 1. Mix ingredients. 

2. ' Heat to 250°C 

3. Cool to 130°C, stir in color and flavor 

4. Cool and allow candy to set (10-14 hours) 
Use ; 

25 The hard candy above in pieces weighing about 7 gratis, 

is consumed between meals by allowing to dissolve slowly 
in the mouth in the normal manner. About 2-5 pieces are 
eaten per day and the occurance of carries is reduced 
frorr. subjects eating sugar-containing hard candy. 

30 Example VI 

Sugarless Mints : 

Ingredients ; i 
Erythritol Powder 9 6 

Magnesium stearate q.s. 
35 Flavor q-s. to 1005 
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Preparation : 00 093 25 

1. Granulate erythritol and screen to particle size 
with good flow properties 

2. Dry blend in magnesium stearate and compress on 
suitable tablet machine to desired size and hardness 

Example VII 



Dietetic Ice Cream : 

Ingredients : £ 

Whey protein 6,00 

Butterfat 10.00 

Gelatin 225 Bloom 0.25 

Atmos 150 Einulsifier 0-25 

Erythritol Powder 14 • 5 

Sodium saccharin 0.011 

Flavor q,s. 

Water qs to 100% 
Preparation : 



1. Prepare with normal ice cream procedures and 
equipment 

Example \ T III . 



Sugarless Chewing Gum: 






Ingredients : 


% 




Gun Base 


27. 


00 


Erythritol Powder 


60. 


00 


Glycerol 


7. 


5 


Socivun saccharin 


0. 


12 


Flavor 


• 0. 


68 


Water 


4 . 


70 



Total 100 



Preparation : 

1. Feed gum base into a horizontal blade mixer and heat 

with steam for five minutes at 60°C. 
2- When base has softened, blend in water and glycerol 
3. Turn on mixer and steam 
4- Slowly add erythritol 
5. Add flavor 
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6. Remove gum from mixer and roll on gui^QlQir 3:2 5 
0.075 inch thickness 

7. Dust with erythritol powder 

8. Wrap as desired 
Use : 

The above gum in sticks weighing about three grams is 
chewed at the rate of from 3-10 sticks. per day, about 5 
sticks being an average number. The sticks of gum are 
chewed at a more or less even rate throughout the day. 
A reduction in the occurance of caries will be noted 
over subjects chewing a similar amount of sugar-con- 
taining gum. 

Example XX 
Low-Calorie Carbonated Beverage ; 
Ingredients t 

Terpeneless lemon oil 1 41 • oz ' 

Potable alcohol 45 £1< oz * 

■ <* 1.5 £1 oz. 

Citric acid 

. 1,0 oz. 

Sodium saccharin 

water <* s fco 1 gall ° n 

preparation ; 

1. Mix oil, alcohol and 42 fluid ounces of water 

2 . Add saccharin and citric acid 

3. Add sufficient water to make one gallon of flavor 
concentrate 

4 Dilute 375 ml of flavor concentrate with a 38% w/w 
aqueous solution of erythritol sufficient to make 
one gallon. 

5. Add one fluid ounce of diluted flavor solution per 
7 ounce bottle filled with carbonated water . The 
final concentration of erythritol is approximately 
5% w/w. 

Example X 

Mouthwash : 

A mouthwash formulation employing erythritol for its 
sweetness and anti-caries properties was prepared as 
follows. 
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% by weight 

Ingr edients : 

— 2 . 10.00 

Crystalline Erythritol 

FD&C Yellow 55 

0.03 

Sodium Borate 

50.07 

Water 

0.35 

Eucalyptol 

. , 0.05 
Menthol 

* * 0.02 

Anethol 

0.30 

Thymol ^ 
Cetylpyridinium Chloride • tu - 

Benzoic Acid 

39 00 

Ethyl Alcohol — 

Total 100.00 

Method : 

Dissolve erythritol, yellow #5 and sodium borate in 
water (I). In a separate beaker dissolve . eucalyptol , 
menthol, anethol, thymol, cetylpyridinium chloride and 
benzoic acid in alcohol- Combine with (I). 
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Claims 



1. A method of inducing cariostasis comprising 
administering orally to a subject susceptible to dental 
caries a cariostatic amount of erythritol . 

2. The method of Claim 1 wherein said cariostatic 
amount of erythritol is administered in the for^i of 
chewing gum, toothpaste, candy, ice crean., a carbonated 
beverage, or a mouthwash; all being sugarless. 

3. The method of Claim 1 wherein said cariostatic 
amount of erythritol is administered in the form of 
sugarless chewing gum. 

4. The method of Claim 1 wherein said cariostatic 
amount of erythritol is administered in the form of 
sugarless toothpaste . 

5. A sugarless cariostatic composition comprising 
at least 5% erythritol . 

6. A sugarless cariostatic composition as claimed 
in claim 5 in the form of chewing gum, toothpaste, candy, 
ice cream, a carbonated beverage cr a mouthwash. 

7. A sugarless cariostatic toothpaste comprising at 

least 5% erythritol. 

8. A sugarless cariostatic chewing gum comer ising 

at least 5% erythritol. 

9. Erythritol and sugarless compositions thereof fo 
use in the prevention or reduction of dental caries. 
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